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Abstract. The integration of Information and Communication Technologies (ICT) 
in daily life has improved the learning process by means of context-aware tech-
nologies. Through the use of technology, new ways of learning has emerged al-
lowing to become the learning process more ubiquitous. However, it is necessary 
to develop new tools that can be adapted to a wide range of technologies and dif-
ferent application scenarios. This paper presents CAFCLA, a framework that      
allows developing context-aware learning applications. CAFCLA integrates dif-
ferent context-aware technologies, so that learning applications designed, devel-
oped and deployed upon it are dynamic, adaptive and easy to use by users such as 
students and teachers. 
Keywords: Computer Supported Collaborative Learning, Context-Aware Learn-
ing, Real Time Location Systems, Wireless communication. 
1   Introduction 
The society has been flooded with a wide range of different mobile devices which 
user interfaces or communication skills are improved day by day [1]. Thanks to 
these advances, we are surrounded by technology that has changed our habits and 
customs [2] by receiving information from multiple sources. The ability of the de-
vices to collect, offer and react to the information from the environment is the 
main topic in Context-aware Computing [3]. 
The usage of Information and Communication Technologies (ICT) has been 
present in educational innovations over recent years [4], modernizing the tradi-
tional transmission of contents through electronic presentations, email or more 
complex learning platforms such as Moodle and fostering collaboration between 
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students (Collaborative Learning) [5]. Beside the use of those general-purpose 
tools in education, other tools that make more specific use of technology have ap-
peared. This applies to those that make use of Context-awareness information and 
ubiquitous computing and communication. 
The inclusion of context-awareness in educational scenarios and processes refers 
to Context-aware Learning [6], a particular area of application of Context-aware 
Computing [3]. Moreover, the ability to characterize and customize the context that 
surrounds a learning situation at a certain time and place provides flexibility in the 
educational process. This way, learning does not only occur in classrooms, but also 
in a museum, park or any other place [7], obtaining ubiquitous learning spaces. 
Thus, there is an extensive literature that addresses the problem of this kind of 
learning, highlighting those works that attempt to solve contextual information    
acquisition and providing data to users [8]. The use and integration of different 
technologies and the approach to specific learning activities characterize these solu-
tions. However, the complexity of understanding and use of the technology and    
solutions in the aforementioned works does not allow a wide use of them.  
This paper presents the use of CAFCLA [9], a framework aimed at designing, 
developing and deploying context-aware educational scenarios. Teachers are able 
to characterize the context where the learning activity will occur through the crea-
tion of a world model in which locate data collectors (e.g., sensors), identify and 
characterize areas of interest (e.g., paintings in a museum), etc. Moreover, the col-
laboration between students and the customization of the information available is 
also provided and can be integrated in the activity design. For that, a botanical 
garden has been chosen as scenario, as it presents the physical and content features 
to develop a context-aware collaborative learning activity: indoor and outdoor 
spaces within multiple learning objects (trees and flowers).  
The following section describes the background and problem description re-
lated to the presented approach. Then, CAFCLA are described: what kinds of ac-
tivities are covered, how the context of the activity can be defined, who the users 
are, which activities are implemented by the framework, taking a botanical garden 
as example scenario. Finally, the conclusions and future work are depicted. 
2   Background and Problem Description 
A growing interest in educational software, commonly known as e-learning, has 
appeared over recent years [5]. Mobile devices provide important benefits to edu-
cation: mobility, communication skills including collection and provision of con-
textual information, as well as precise location anytime. Mobile Learning is       
defined as “the processes of coming to know through conversations across mul-
tiple contexts amongst people and personal interactive technologies” [10]. This 
definition implies two important ideas: first of them is that technology can be in-
volved into the learning process; the second idea suggests that mobile learning 
emphasizes the communication between the involved people and their interaction 
with the context [11].  
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Mobile devices allow learners to work outside the classroom to enhance colla-
borative learning both indoor (e.g., museums) or outdoor (e.g., parks) spaces that 
present any didactic interest [12]. New mobile devices are equipped with features 
that facilitate the acquisition of contextual information and location. Contextual 
information includes any data that can be used to characterize a person, place or 
object that is considered relevant to the interaction between users, between user 
and applications or systems, or even between systems and applications [3]. In ad-
dition to the relevant information that context provides, it is important to consider 
other parameters that relevantly affect this type of information, such as identifica-
tion, time and location [3]. The information exchange taking place between tech-
nology and users, in order to contextualize an environment in which learning takes 
place, and customize the content of the learning activity can be understood as col-
laboration. Thus, Context-aware Learning must take into account the interactions 
between people and the different technological components of the system in all its 
combinations. 
Providing contextual information and fostering collaboration between students 
benefit the learning process [1]. Moreover the combination of Collaborative and 
Context-aware Learning naturally leads to thinking about ubiquitous learning 
spaces, characterized by “providing intuitive ways for identifying right collabora-
tors, right contents and right services in the right place at the right time based on 
learners surrounding context such as where and when the learners are (time and 
space), what the learning resources and services available for the learners, and 
who are the learning collaborators that match the learners’ needs” [13].  
Attending to different technologies there are several trends focused on provide 
context information to the learning process. A first approach to provide contextual 
information is “tagging the context”. RFID (Radio Frequency IDentification) is 
the most spread technology [14]. Its use is tedious because teachers have to tag 
any object they would like to characterize. GPS (Global Positioning System) is the 
most used technology to provide location in Context-aware Learning [15]. This 
location system provides a high accuracy level and is currently implemented in a 
wide range of smart phones and mobile devices. In those cases, the mobile device 
provides a position to the system. Those solutions are used in different scenarios 
such as route planning [15]. However, most of those works implement specific 
applications, but do not propose a general purpose model in which GPS technolo-
gy is included to facilitate the provision of contextual data. Moreover, teachers 
cannot decide the activity they would like to implement.  
Indoor environments are very common in learning: museums, laboratories or 
the school are places where activities that require mobility can be developed. Try-
ing to cover this lack, different location systems based on Active RFID [15] or 
Wi-Fi [16] are used. Both cases the performance of systems is similar: student’s 
position is determined by the access point which is providing coverage in each 
moment. This type of approach has significant limitations when developing con-
text-aware learning activities: the location accuracy is too poor so teachers are not 
able to characterize small areas or individual items. This situation presents an   
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important problem when areas where context information is different are close 
(e.g., two paintings in a museum).  
The review of the literature evidences some lacks in the Context-aware Learn-
ing systems proposed until now. Even some works try to combine different tech-
nologies to cover as much situations as possible [16], teachers are not able to 
choose different activities to implement or feel free to determine collaborations 
between students. Moreover, the technology complexity is not transparent to 
teachers, who are responsible to design the learning activity. Those solutions are 
focused on the technological part of the problem and do not take into considera-
tion what teachers should do to design the learning process. Next section presents 
an example of use of CAFCLA that illustrates how this framework takes into con-
sideration the teachers' point of view when designing a context-aware collabora-
tive learning activity.  
3 CAFCLA Scenario 
CAFCLA (Context-Aware Framework for Collaborative Learning Applications) is 
a framework focused on the design, development and deployment of collaborative 
learning applications that make use of contextual information [9]. CAFCLA      
involves multiple users and characterizes each one according to their role in the 
design, development, deployment and implementation of a learning activity. 
Moreover, CAFCLA takes into consideration all aspects surrounding the whole 
learning process design. These aspects include the objectives or goals that students 
must reach, the contents of the learning activity, the teaching resources available, 
the physical or virtual spaces selected or the assessment and activity monitoring. 
All these aspects do not only involve the teacher, but there is also a technical 
component that must be undertaken by staff that sometimes do not present an edu-
cation profile. More specifically, three different roles can be identified in the 
process of design and development of activities considered in this work. 
On first place, teacher is responsible for designing the activity that will be dep-
loyed using CAFCLA. Some of the task that teachers carry out includes defining 
which students participate in the activity, what kind of activity is carried out, 
which collaborations between students are allowed, which areas and objects of in-
terest are described in the activity, which are the objectives of the activity and 
which is the data that the system will store to be provided during the activity. 
Then, developer makes use of all the tools provided by CAFCLA (analysis and 
design, programming, etc.) to develop the application that students will use, 
according to the activity designed by teachers. Finally, technician is responsible 
for deploying the technology infrastructure needed to carry out the activity 
developed using CAFCLA, following the premises and recommendations set by 
the framework. 
Moreover, student is the participant who finally conducts the activity designed 
by the teacher. They can access the resources offered by the application through 
different devices selected for that purpose. In addition, they are able to collaborate 
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between them to achieve the objectives of the activity. Their performance follows 
the rules set by the teacher at all times. 
Once CAFCLA users have been defined, the way in which contextual informa-
tion is organized is described. According to AmI premises, CAFCLA emphasizes 
on technological transparency and ease of use for both students and teachers. Con-
textual information is closely related to the environment where the activity takes 
place, so any place or item can provide relevant information to be used in the 
learning process. Thus, teachers are able to describe any place or item relevant to 
the activity regardless of size and location. In order to better structure contextual 
information, three description levels have been defined, so that the information 
can be provided with the granularity required by the activity.  
− Scenario: It represents the physical space where the activity will be deployed. 
To better illustrate the explanation a botanical garden has been chosen to dep-
loy a collaborative learning activity. This scenario consists of an outdoor     
enclosure where different species of trees, shrubs and flowers grow. Further-
more, in the center of the enclosure there is a greenhouse where multiple 
flower species grow. In this case the scenario is the botanical garden and it 
could be divided into two sub-environments: the first one that includes all the 
study to be performed in the greenhouse (indoor plants), and the second, 
which would cover the rest of the botanical garden, including all the growth 
area of outdoor plants. 
− Area of interest: Different areas that determine spaces in which a relevant part 
of the activity will take place. These areas include a physical space where one 
or several goals of the activity should be reached. The teacher is responsible 
for identifying, locating and making relevant contextual characterization into 
them. The areas of interest provide contextual information to the students in 
the way that the design made by the teacher shows. Continuing the example 
of the botanical garden, in the external environment three different species of 
trees grow: pine, oak and poplar. In this case the teacher can create four areas 
of interest: three individual areas covering spaces where trees grow and a 
fourth area which is the greenhouse. For each of them, the teacher defines the 
physical space that it delimits. It also includes a description of each area, 
based on the design of the activity, that is given to students. 
− Object of interest: in the same way that the environments in which the scena-
rio is divided in different areas of interest, within these areas can be included 
several specific objects that are interesting to the learning activity. Teachers 
follow the same procedure as in previous cases, since they are responsible for 
identifying, locating and characterizing these objects. In the example of the 
botanical garden there may be multiple objects of interest within each of the 
areas of interest. For example, in the greenhouse grow a wide variety of flow-
ers, and each kind may be an object of interest so teachers are able to identify, 
place and characterize each one into the greenhouse. 
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The activities that can be deployed using CAFCLA is another important part of 
the framework implementation. Different collaborative activities has been eva-
luated to be integrated by CAFCLA and three of them have been selected: "Trea-
sure Hunting", "Collaborative WebQuest" and "Jigsaw". Different criteria have 
been taken into account to choose these activities. First of all, these activities can 
be deployed anywhere and anytime. Secondly, collaboration is possible to be in-
cluded in all of them. Thirdly, the activities allow teachers to create a learning 
process that can be monitored and modified at all times. Fourthly, the participants 
of these activities can be divided into different groups. And finally, all of them can 
include different routes or physical paths to be followed by the students. However, 
CAFCLA is an open framework that is able to integrate any other activities that 
teachers may consider in the future. 
Depending on the chosen collaborative activity, the teacher can add the neces-
sary data to complete the learning process. More specifically, the requirements to 
be considered for each of the activities that are included are described as follows. 
First activity implemented is a Treasure Hunt. In this activity the teacher can 
create working groups that are assigned to the corresponding students and deter-
mines which devices are used by each students' group. Students that form a group 
are able to collaborate with each other at all times. Furthermore, the teacher can 
define different routes that students must follow to uncover clues and collect in-
formation. After setting the scenario, the areas of interest and the objects of inter-
est, the teacher defines each route on the map, and indentifies which are the clues 
given to each group. Routes do not have to be composed of one only path, but may 
include branches that allow the division of tasks between the different students 
that are part of the group. The teacher can assign a path or more to a particular 
group and also may indicate which tracks are key, so that the students are required 
to complete a milestone to continue receiving information. Finally, the teacher    
defines a challenge or final question that must be completed or answered with the 
information received on each track, such as a questionnaire, a document or a   
presentation to be made. 
Collaborative WebQuest is the second activity implemented. The process of de-
fining and describing the scenario, the areas and the objects of interest, the users 
and the groups of students is common to all the activities. In this activity the 
teacher is able to design a battery of questions to be answered in each area of 
interest. Questions can be presented to be answered in a written way or as a test 
which offers different response options. These questionnaires can be tailored to 
each users' level and several can be defined for the same area or object of interest. 
In addition, the teacher can create a final questionnaire to be performed at a par-
ticular location (e.g., the classroom) which summarizes all questions regarding the 
questionnaires that have been made in the activity. Likewise, the teacher has the 
capacity to define different working groups formed by the number of students it 
may consider, assigning devices that each group or student uses. Likewise, the 
teacher indicates the questionnaires that each group must respond. The onset of 
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the activity is performed for each group in the particular zone determined by the 
teacher through a first task in explanation of the activity. 
The last implemented activity is a Jigsaw. As in the previous activities, the 
process of defining and describing the scenario, the areas and the objects of inter-
est, the users and the groups of students is the first step to be completed. In this ac-
tivity the teacher divides the activity into different subjects to study individually 
and then in different groups. First, the teacher assigns each student a specific topic 
in which will be "expert". Later, two different types of groups are formed: on the 
one hand by students who have been assigned with different topics (each group 
will consist of an expert in each of the different themes described) and on the oth-
er hand by "expert" students in the same topic. Similarly, the teacher determines 
which of the areas of interest that have been created belongs to each of the as-
signed topics. For the proper operation of the activity, the teacher indicates what 
documents will be generated at each of its stages: single phase, experts phase   
(collaboration among students working under the same topic) and group phase 
(collaboration among students working on different topics). The final result of the 
activity (e.g., a presentation) should be exposed by the group's leader, a role that is 
assigned by the teacher. 
4   Conclusions and Future Work 
The use of Information and Communication Technology in the different areas has 
increased in recent years thanks to the emergence in society of mobile devices, 
easy access to currently existing technology and the many features they present, 
such as communication protocols and context-aware technologies. However, it is 
difficult to develop applications to squeeze all the potential offered by technology, 
especially when the main objective is the development of technological applica-
tions that are transparent to users. 
CAFCLA has been designed with the objective to design and develop a set of 
tools that provide a basis for designing, developing and implementing context-
aware collaborative learning activities. CAFCLA is a framework that integrates 
different context-aware technologies, such as Real Time Locating Systems, and 
several communication protocols that abstract educators and developers of con-
text-aware collaborative learning activities from the complexity of the use of dif-
ferent technologies simultaneously. In this case, CAFCLA focuses on provide a 
set of tools and methods to teachers, developers and technical staff in order to eas-
ily design, develop and deploy this type of learning activities. 
The development of the framework has been approached from the teacher's 
point of view. Thus, the design of different kind of collaborative activities has 
been implemented by CAFCLA focusing in the teacher's work and how they can 
include information and collaboration between students. 
Future work includes the design, development and deployment of a real use 
case where all the features of CAFCLA are implemented. This work will be      
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developed by different teachers and developers in order to compare the results 
reached by all of them and evaluate the framework in a real scenario. 
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